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ABSTRACT OF THE DISCLOSURE 

This invention relates to glass compositions which emit 
strong, visible luminescence when exposed to such ioniz 
ing radiations as X-rays, gamma-rays, or cathode rays. 
In particular, this invention relates to glasses within the 
alkali metal-alkaline earth metal-silica composition ?eld 
which are activated by terbium to emit strong, visible 
luminescence when exposed to X-radiations having en 
ergies ranging from 50-120 kilovolts (kv.), such as are 
commonly encountered in medical radiography practice. 

This application is a continuation-in-part of my appli 
cation Ser. No. 785,347, ?led Dec. 19, 1968, and now 
abandoned. 
The most common type of X-ray ?lm employed in 

medical practice is designed to be exposed between 
luminescent intensifying screens which are generally com 
posed of polycrystalline phosphors. Under the action of 
X-radiation these polycrystalline phosphor screens emit 
visible and ultraviolet rays to which the ?lm is sensitive. 
A difference in the action of X-rays and that of visible 
and ultraviolet rays on the ?lm emulsion can be readily 
observed in the varying degrees of blackening in the de 
veloped ?lm. Thus, for a given set of exposure conditions, 
the luminescent light emitted by the screen produces a 
greater degrees of ?lm blankening than can be attained 
through the action of X-rays alone. Therefore, through 
the use of these intensifying screens, the time to which a 
patient must be exposed to X-radiation can be reduced 
signi?cantly. 
Two other commercial applications for polycrystalline 

phosphor screens are the conversion of X-rays into visible 
light for direct viewing purposes such as in X-ray kuoro 
scopy and for electronic ampli?cation such as in image 
intensi?er tubes. 

However, inasmuch as these screens are composed of a 
multiplicity of very ?ne-grained crystals of a phosphor 
deposited on a transparent plastic or glass support, or 
embedded in a transparent plastic matrix, they are in 
trinsically grainy and multilayered. This particulate na~ 
ture of the screens causes the luminescent light to be in 
ternally re?ected and scattered among the particles and 
voids therebetween. In addition to the resulting loss of 
useful light output, this re?ection and scattering tends to 
diffuse the emitted luminescence, thereby causing some 
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loss of detail and resolution in the screen display itself or 
in the ?nal photographic image. The loss of resolution 
is especially objectionable in the more advanced medical 
radiographic systems which are designed to produce a 
three-dimensional or stereoscopic effect in the photo 
graphic image since high resolution is necessary to en 
hance the three-dimensional effect. 

Transparent phosphor screens can provide images with 
better resolution and detail inasmuch as there are no in 
ternal light scattering centers present therein. In view of 
this, luminescent glasses would appear to be an ideal mate 
rial for the fabrication of such screens. In addition to ease 
of manufacture and excellent optical properties, glass 
phosphor screens offer advantages in mechanical strength 
and integrity, chemical durability, and abrasion resist 
ance. Nevertheless, although many glasses containing such 
luminescence activators as uranium, samarium, europium, 
lead, tin, and antimony are known to ?uoresce strongly 
upon exposure to ultraviolet light, these glasses luminesce 
relatively weakly under X-ray excitation. Therefore, glass 
phosphor screens have not furnished a practical alterna 
tive to the polycrystalline screen. 
The primary object of this invention is to provide trans 

parent glass compositions which will luminesce strongly 
when subjected to X-radiation such as to be eminently 
suitable for use as transparent phosphor screens. 

I have discovered that transparent glasses which emit 
strong, visible luminescence when exposed to X-rays, 
gamma-rays, and cathode-ray excitation and, particularly, 
when exposed to X-radiation having energies ranging from 
50-120 kv. can be produced from compositions within 
the alkali metal-alkaline earth metal-silica ?eld that are 
activated by terbium. Such glasses consist essentially, by 
weight on the oxide basis, of about 3—30% R20, wherein 
R20 consists of 0-5% LizO, 0—25% NaZO, 0—30% K20, 
0—25% RbzO, and 0—25% CSZO, 5—55% RO, wherein 
R0 consists of 0—20% MgO, 0—30% CaO, 0—45% SrO, 
and 0—55% BaO, 35-75% SiO2, and 0.75-10% Tb2O3. 
To insure achieving very intense luminescence, I have 

determined that at least one alkali metal oxide selected 
from the group consisting of Li2O and/or Na2O and at 
least one alkaline earth metal oxide selected from the 
group consisting of SrO and BaO should be included in 
the glass composition. Therefore, in general, very satis 
factory luminescence will be obtained in glass composi 
tions consisting essentially, by weight on the oxide basis, 
of about 3—25% R20, 5—55% R0, 40~70% SiO2, and 
0.75-7% Tb2O3, wherein R20 consists of 0—5% Li2O and 
0~25% NaZO, and wherein R0 consists of 0-45% SrO 
and 0—55% BaO. 

Finally, the most intense luminescence will be attained 
where a combination of three alkali metal oxides con 
stitutes a portion of the glass composition and, partic 
ularly, where these three alkali metal oxides are present 
in approximately equimolar proportions. For example, 
the equimolar ratio of K2O:Na2O:Li2O approximates 
3K2O:2Na2O:Li2O on a weight ratio basis. Although the 
highest intensities are secured with equimolar proportions, 
some deviation therefrom can be tolerated, especially at 
high levels of terbium concentration, with minimum effect. 
Thus, on this basis, my preferred glass compositions con 
sist essentially, by weight on the oxide basis, of about 
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45-65% SiO2, 20-45% RO, wherein R0 consists of 
0—35% SrO, and 0.45% BaO, 1-7.5% Tb2O3, and 5—20% 
R20, wherein R20 consists of three alkali metal oxides in 
the indicated proportions selected from the group con 
sisting of 0-2.5% LiZO, 0-5% NazO, 0-10% K20, 0-15% 
RbZO, and 0—15% C520. In general, I have observed 
that the inclusion of 0.75-2.5% Li2O and 1.75—5% Na2O 
in these glass compositions assure excellent luminescence. 

Table I records examples of glasses having composi 
tions falling within the above-prescribed ranges, ex 
pressed in weight percent on the oxide basis and contain 
ing either one or two alkali metal oxides. The batch 
constituents may comprise any materials, either the oxides 
or other compounds, which, when melted together, are 
transformed to the desired oxide composition in the 
proper portions. The batch components were blended 
together, bal'lmilled to aid in assuring a homogeneous 
melt, placed in either fused silica or platinum crucibles, 
and then melted at 1400°-1550° C. for about 6 hours. 
The melts were poured onto a steel plate to yield a circu 
lar patty about %” thick. The patties were transferred 
immediately to an annealer operating at about 550° C. 

Although the glasses recorded in Table I were made in 
accordance with the laboratory procedure outlined above, 
it will be appreciated that where large quantities of glass 
are desired these compositions are amenable to conven 
tional glass melting techniques in pots or continuous 
tanks. Likewise, these glasses can be shaped by commer 
cial glass-forming techniques such as blowing, casting, 
drawing, pressing, rolling, etc. 
The utility of these glasses can be demonstrated by 

measuring the effectiveness of the X-ray induced lumines 
cent light to darked a photographic ?lm. Thus, a pan 
chromatic photographic ?lm is placed in pressure con 
tact with the glass surface facing the X-ray beam of a 
conventional medical X-ray unit. The panchromatic ?lm 
provides essentially equivalent spectral sensitivity to visi 
ble and ultraviolet light ranging between about 350-750 
millimicrons. The beam of X-rays passes through the 
?lm and excites the glass sample to luminesce. In this 
manner, only back-re?ected luminescent light strikes the 
?lm, thereby minimizing errors caused by the varying de 
grees of. X-ray absorption in the individual samples. 
The darkening of the ?lm is measured by conventional 

densitometry procedures. Thus, a “relative ?lm density” 
is obtained by comparing the darkening produced in the 
exposed ?lm by direct X-radiation impingement with the 
additional darkening produced by the luminescent glasses 
utilizing the equation: 

wherein Tx is the percent transmission of a beam of visi 
ble light through an area of the ?lm which has been ex 
posed to direct X-radiation alone; TL is the transmission 
of a beam of visible light through an area of the ?lm 
which has received the additional exposure of the lumines 
cent light; and D is termed the relatiwe ?lm density. This 
procedure permits the additional darkening provided by 
the luminescent light to be compared directly from sample 
to sample. For purposes of comparison, as recorded in 
Table I, the relative ?lm density produced by a preferred 
single alkali metal oxide glass composition, viz., Example 
6, when exposed to 8-6 kv. X-rays was assigned an arbi 
trary value of 100. Each of the other samples was ex 
posed to 86 kv. X-radiation and the darkening observed 

10 

20 

25 

4 
therein is expressed in Table I relative to Example 6 
which was included as a control sample in each run. 

TABLE I 

Percent 1 2 3 4 5 6 7 8 

58. 6 58. 3 57. 8 57. 5 57. 3 56. 9 56. 3 55. 7 
27. l 26. 9 26. 7 26. 6 26. 5 26. 3 26. 0 25. 8 
12.4 12.3 12.2 12.1 12.1 12.0 11.9 11.8 
0.8 0.8 0.8 1.0 0.8 08 0.8 0.8 

TbzOa ................ .. 1.0 1.6 2.4 2.9 3.2 4.0 5.0 6.0 
Relative ?lm density_. _ 72 84 90 94 97 100 86 78 

9 10 11 12 13 14 15 16 

SiOz .................. _ - 54. 2 57. 7 41. 5 48. 2 57. 6 63. 4 48. 4 47. 4 
BaO.-. _____ . . 25. 1 12. 1 52. 8 41. 0 26. 7 13. 5 41. 2 40. 3 
NazO-_ __________ _. 3.5 8.3 12.2 19.0 4.2 ____ __ 
A1203 0.7 0.8 __________ ._ 0.8 0.9 __________ __ 

K20.-. 17.3 26.4 ...................... __ 6.3 13.4 
Tb20:-- 2. 7 2. 9 2.1 2. 4 2. 8 3. 2 2. 4 2. 4 
Relative ?lm density_.. 88 83 87 91 103 86 100 94 
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Table II compares the relative ?lm density at various 
X-ray energy levels of several of the above glasses with 
commercially available polycrystalline phosphor intensi 
?er screens known in the trade as “Par” speed and 
“High” speed screens. These have been termed “fast” 
screens since they are designed to produce the greatest 
amount of ?lm darkning for a given time of exposure to 
X-radiation but sacri?ce image resolution in so doing. 
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Inasmuch as the maximum terbium luminescence takes 

place at a wave length of about 5500 A., in the green 
portion of the spectrum, the use of a green sensitive 
photographic ?lm will enhance the degree of ?lm black 
ening over that observed with panchromatic ?lm. These 
glasses of Table IV also luminesce very well under cath 
ode ray excitation. Thus, the cathodoluminescence of 
Example 57 is easily visible in room light and is superior 
to that exhibited by Example 6. 
The presence of alkali metal oxide in the glass com 

position is necessary to obtain good luminescent light 
output under X-ray excitation. An excess of the alkali 
metal oxides, however, acts to undesirably decrease the 
chemical durability of the glass. Too low an alkaline 
earth oxide level also tends to decrease the chemical 
durability of the glass; whereas an excess thereof leads 
to instability of the glass to devitri?cation, particularly 
in those forming operations requiring the glass to be 
maintained at high temperatures during working. The 
utilization of the heavier alkaline earth metal oxides is 
advantageous in increasing the absorption of X-rays by 
the glass and thereby improving the luminescent light 
output. The minimum of about 0.75% by weight of 
Tb2O3 provides what has arbitrarily been considered the 
lowest practical luminescent light output for X-ray exci 
tations in the energy levels cited above. The maximum of 
about 10% by weight Tb2O3 represents the value above 
which little increase in luminescent light output is to be 
gained by further additions because of the phenomenon 
known as the “concentration quenching” of luminescence. 
Thus, above some optimum concentration of terbium, this 
optimum being a characteristic of each particular glass 
composition, the further addition of terbium offers no 
improvement in luminescent light output and actually 
causes a decrease therein. 

Table V is illustrative of the unique elfectiveness of 
terbium to activate the glass compositions of this inven 
tion to exhibit strong, visible luminescence. Thus, the 
examples ‘set out therein, in parts by weight, utilize base 
compositions within the alkali metal-alkaline earth metal 
silica ?eld found operable with terbium activation to pro 
duce strong, visible luminescence when subjected to 
X-radiation between 50-120 kv. However, the relative 
?lm densities of these glasses upon exposure to X-rays 
at 86 kv. dramatically demonstrate the relatively weak 
e?iciency of other listed known activators for glasses 
which luminesce strongly upon exposure to ultraviolet 
1g t. 

TABLE V 

Percent 

Density ______________________ _ . 2 9 
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While the preferred embodiment of the invention con 

templates glasses consisting essentially entirely of four 
components, viz., alkali metal oxide, alkaline earth metal 
oxide, terbium oxide, and silica, minor amounts of such 
compatible metal oxides as A1203, B203, and P205 may 
be included to improve the working and/or chemical 
properties thereof. However, to insure excellent lumines 
cent properties in the glass, the total of all such additions 
should preferably be held below about 10% by weight. 
To improve the chemical durability of the glasses, up 
to 15% Y2O3 and/ or up to 20% La2O3 may be substituted 
for SrO or BaO without a substantial loss in luminescent 
light output in the mixed alkali glasses. However, the 
total of those two additions should not exceed about 20% 
and the RO content of the glasses should be at least 10%. 
Also, if desired, other activating metals such as those 
recited in Table V may be included in the glass although 
their e?ectiveness is much below that of terbium. Finally, 
I have found that not only do PbO and Sb2O3 not act as 
satisfactory activators for glasses exposed to X-radiation 
but, like Fe2O3, ZnO, As2O3, H502, Nb2O5, and Ta2O5 
act as poisons to the luminescent e?’ect. Therefore, this 
entire group of oxides is preferably completely absent 
from the glass composition, with no more than about 3% 
by weight total of said oxides being tolerable. To insure 
the most intense luminescent light output, the individual 
Fe2O3 content will preferably be held below 0.5% by 
weight and that as AS203 or Sb2O3 will preferably be held 
below 1.0% by weight. 

I claim: 
1. A transparent glass which emits strong, visible 

luminescence when exposed to X-radiation having ener 
gies ranging between about 50-120 kilovolts consisting 
essentially, by Weight on the oxide basis, of about 3-25 % 
R20, wherein R20 consists of 0-5% Li2O and 0-25% 
NazO, 5-55% RO, wherein R0 consists of 0-45% SrO 
and 0—55% BaO, 40-70% SiO2, and 0.75-7% Tb2O3. 

2. A transparent glass according to claim 1 containing 
up to 20% by weight total of Y203 and La2O3 in the 
indicated amounts of 0-15 % Y2O3 and 0-20% 1.3.203 and 
wherein the R0 content is at least 10%. 

3. A transparent glass which emits ‘strong, visible lumi 
nescence when exposed to X-radiation having energies 
ranging between about 50-120 kilovolts consisting essen 
tially, by weight on the oxide basis, of about 45-65% 
SiO2, 1-7.5% Tb2O3, 20-45% R0, wherein R0 consists 
of 0-35% SrO and 0-45% BaO, and 5-20% R20, where 
in R20 consists of three alkali metal oxides in the indi 
cated propertions selected from the group consisting of 
0-2.5% LizO, 0—5% N330, 0-10% K20, 0—l5% RbgO, 
and 0—l5% C520. 

4. A transparent glass according to claim 3 wherein said 
three alkali metal oxides are present in approximately 
equimolar proportions. 

5. A transparent glass according to claim 4 wherein 
said U20 and NazO are present in the amounts 0.75—2.5% 
and l.75—5%, respectively. 
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4 Table I, Column h, line 2h, Example-l6, change "131+" to -- 12.h _-. 

Table I, Column 1+, line 28 ,' Example ‘l9, change- "53.7" to -- 143.7‘ --. 

Table IV, Column 6,-line 9, Example 56, change "314.1" to --; 35.1 --. 

Table ‘IV, Column ‘6, line 20, Example 61,v change "2.3" to -— 2.1L -—. 
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